Introduction: The mathematics in this investigation provides an introduction to solutions of systems of linear equations and interpretation of the solutions in the context of the data. To accomplish the tasks, students must be able to find the equation of a line by calculating its slope and observing its y-intercept on the graph. Inconsistent systems may be encountered and could be used for discussion.
Students will benefit from working on this investigation in groups of 3 or 4 and discuss each question within the group. As you walk around observing their process, try to note useful times for full-class discussions as described in the notes on each question that follow here.
Answers and teaching suggestions:
1. The purpose of question 1 is for students to get acquainted with the information in the table. Help students understand that 'expected' values are based on averages. The data in these tables give average life expectancy at birth. This is significant in the world's least developed regions because there is such a high rate of infant mortality in those regions. Thus, any 20 year old from one of the least developed regions, eastern Africa for example, should not suppose that the average life span of his age group will only be 47.1 years. Because a significant percent of the age group died before the age of 5, those who survived childhood can "expect" a somewhat longer life than the table suggests.
2. Students should write a column in the table for the horizontal axis giving the "number of years after 1950" to help avoid confusion. It will save time if you hand out a grid on which you have already plotted the points for Eastern Caribbean men. However, if you want to give students the experience of determining a good scale to fit the data and the paper available, you won't want to do that. A coordinate plane, with an appropriate scale, is included here at the end of the teaching guide for this investigation for your optional use.
You can teach students to use the median-median approach to fitting a line, or you can have them fit a line "by eye". Be sure students are using a straight edge! It is extremely helpful to students if they have see-through plastic rulers for fitting lines. Tell them that a good fit will have some points above the line and some below. Their lines may not be exactly the same. That's okay; but if you see a line that does not look like a good fit, help the student or, better, have another student help him/her.
To write the equation y = mx + b, read b off the graph (nearest half is good). Then use any two points on the line whose coordinates you are sure you know to get the slope. Students tend to use points from the table instead of points on the line. Watch for that error and remind them that they are writing an equation for the line they drew.
My results using the median-median option on a TI 83 are After students have determined the equations of their fitted lines algebraically, show them how to enter the data in lists into their TI-83s. Next, graph the scatter plots using STAT PLOT. And graph the student's equations by putting them in the Y= screen. (Students will enjoy seeing their line emerge to 'fit' the points.) Then show them how to fit a line to the data using their TI-83 STAT-CALC menu. (I suggest using the med-med option because it is also easy to do it that way by hand.) Students should compare their own results with the calculator's equation. They can use either their calculator or the paper and pencil approach when they get to part B. If their own results in Part A were much different from the calculator's, they may wish to graph the calculator's result to compare with their own. 3 and 4. Because women already had a higher life expectancy at the start of this information (1950) and because their graph has a greater slope, women's life expectancy will continue to exceed men's if the linear function continues to be a good model of what happens.
However, the equations do suggest that men's and women's life expectancy was the same 65 years before 1950, in 1885. The intersection of the two lines at the point (-65, 29) , approximately, suggests that the life expectancy for both sexes at that time was 29 years. This is not altogether improbable. Students should observe the intersection and interpret it. But you should tell them that the linear model is not expected to be a good fit for the long term, so this result is not to be trusted.
5. Several good answers are possible. Students may note that, as they saw in the Eastern. Caribbean equations, the equation for women has both the greater y-intercept and the greater slope, suggesting that in Cuba, too, women's life expectancy is longer than men's and can be expected to continue that way. But they may also note that the difference in the slopes is very small; in fact, when they graph these lines they will appear almost parallel.
The line for Cuban men will be a little less steep than the line for E. Caribbean women if we use the calculator's equation with slope rounded to hundredths as above, with the Cuban men's line above the E. Caribbean women's line throughout the interval from x=0 to x=45. (It is possible that the slopes may not have this relationship if the student used a by-eye and by-hand result for the EC women's equation, since these slopes do not differ by much.) Students will note that the slope of the line for Eastern Caribbean men and the slope of the line for Cuban men are equal. These lines, then, would never meet. If the trends continue, no matter how long we wait, the life expectancies of male children born in the Eastern Caribbean would never match that of male children born in Cuba.
After discussion about what they expect to see, students should graph the lines on their calculators. approach is instructive. (Students will quite likely discuss the plausibility of this happening. If you wish, you can capitalize on such discussion by explaining that we use mathematics to model real world phenomena to help us understand it but it is not a crystal ball; it does not foretell the future. It only helps us to see the trends from our current circumstances. See notes on question 12 for more about this.)
7. This time, students may prefer to use a calculator. However, you may wish to have them do a version by hand, also, to turn in from their group. Either method will be valuable experience.
In any case, they should write down what they observe from studying the graph.
Developed regions: y = .16x + 68
Least developed regions: y = .34x + 36 (For regions that fit between these two categories, the equation is y = .49x + 43. Data for these regions is not shown in the table, but notice that this is closer to the Eastern Caribbean results. In the UN document, World Population Prospects, the middle set of data are referred to as "less developed regions".)
9. Using my equations in question 7 above:
a. 77.6 years b. 56.4 years Students results will vary if they fit the line and determine the equation "by hand."
10. Using the equations above, x = 178; y = 96. In the year 2128, both life expectancies are predicted to be 96 years. However, it is unlikely that these linear models, built to fit a 45 year period, will correctly predict such a long term. 12. AIDS is a possible focus of the discussion here. Many small children die as a result of AIDS from birth. In some countries, the life expectancy trend has actually reversed during an AIDS epidemic coupled with a period of war. This was the case in Uganda, for example, during the period from 1980 to 1995. It is currently the case in Haiti, where life expectancy was 52.7 years in 1990-1995 and 51.6 years in 2003. Work on a cure for AIDS, the prevention and cure of malaria, reduction of violence as a means to resolve conflict, and the alleviation of poverty could be the most significant acts the human race could take toward increasing world-wide life expectancy. In the 1950-1995 data used in this investigation, however, one should note that the decrease in the rate of change (illustrated by the location of data points below the fitted line in 1990 and 1995) is only seen in the Eastern Caribbean data. It was not, in that period, a characteristic of either the poorest regions or the most developed. Eastern Caribbean life expectancy has been approaching that of the most developed regions. Indeed, as we saw in question 11, Eastern Caribbean women's life expectancy may now be equal to that of the average in the most developed regions. It is reasonable to suppose that Eastern Caribbean life expectancy increases will now slow down to occur at about the rate of the most ©Rosalie A. Dance and James T. Sandefur, 2004 This material is based upon work supported by the National Science Foundation under Grant No. 0087068. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the National Science Foundation. 89 developed regions. It is true, however, that AIDS is a major public health factor in the Caribbean countries; thus, it is not now clear that the predicted expectancies are safe bets.
Students will be interested in current Virgin Islands life expectancy calculations. These numbers are much higher than those of the entire Eastern Caribbean, of which the VI is one component. ( This material is based upon work supported by the National Science Foundation under Grant No. 0087068. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the National Science Foundation.
